Abstract: Climate change challenges governments to reduce emissions, and to gain support for such actions from their citizens. This can be in the form of taxation or legislation, or other forms of government interventions. In previous research, several instruments have been developed to capture attitudes towards the roles of markets and governments in the economy. Some of these instruments have assumed that respondents will have the same attitude towards the role of markets and governments, regardless of the context (e.g., welfare, environment, health) or the form of government intervention (law, taxation, subsidy, spending etc.). However, these studies have not examined attitudes towards, or belief in, the efficacy of government intervention in markets, through microeconomic policies on taxation (e.g., duties levied on particular products) or subsidies. This paper reports on the results of taking such a specific focus, that is, investigating economics students' knowledge of, and attitudes towards, government interventions in markets, specifically addressing the problem of climate change. We make use of unique, two-wave longitudinal data from Swedish university students. The data were collected during their initial semester at the university. The first data collection was performed at the beginning of the semester, August/September 2014, and the second wave of data collection was performed in December/January 2014/2015, at the end of the semester. We were able to match 414 students between the first and second survey. The results show that students of economics change their policy attitudes and become more knowledgeable in economics. After one semester, they are more likely to think of economic instruments/incentives (taxes and subsidies) as good and efficient policy instruments, and less likely to think that other instruments (regulation and information) are good and efficient policy instruments. However, further analyses show that knowledgeable students do not have different attitudes toward environmental policy instruments, compared to students who do not answer the questions correctly. Hence, there seems to be some other factor affecting students in economics during their first semester, that changes their attitudes towards environmental policy instruments.
Introduction
Governments attending the Paris Climate Conference in December 2015 [1] declared their commitment to keeping world temperature levels at no more than two degrees higher than pre-industrial levels. The presumption is that it is feasible to achieve this target through environmental policies, which may take the form of market interventions through taxes and subsidies, regulations, or information and persuasion. One question for society is: 'How effective will these policies be?' A second question is: 'Will there be public support for any of these policies?' Education may play a role in developing experts who will design and evaluate policies. It may also play a role in developing public understanding [2] . According to [3] , the public understanding of climate change in the US is riddled with misconceptions, which influence individual behaviour and attitudes towards government interventions to promote environmental sustainability. One place where we might expect to observe an educational effect is in undergraduate economics. Economists play prominent roles in the design of government policies and an economics education might be expected to dispel misconceptions about the efficacy of policy instruments. However, education faces substantial challenges in changing attitudes, not least in the context of societal response to environmental problems [4] .
Studies of curriculums and textbooks in economics show that a sustainability perspective can be hard to integrate within mainstream economics, not least at an undergraduate level. At the same time, introductory economics deals with concepts that are highly relevant from a sustainability perspective. These references are concentrated in microeconomics, such as market interventions to deal with negative externalities (e.g., government regulation on pollution) (cf. [5, 6] ). Existing evidence tells us rather little about the effect of economic teaching on the understanding of, and attitudes towards, environmental issues [7] . We know very little about the effects of basic knowledge in economics on sustainability attitudes, even though it is common in many countries to take introductory courses in economics, or take economics as a minor, while majoring in another discipline.
We investigated the role of current undergraduate teaching in economics on students' support for alternative instruments in environmental policy. We examined the change in knowledge and support for policies amongst undergraduate economists. Across our whole sample, we found a small increase in support for, and belief in, the efficacy of market-based interventions, relative to non-market based interventions. However, we did not find an association between the knowledge of relevant economic policies and the support for their use.
The paper is organised as follows. First, we review existing research, which informed the framing of the research questions. We then describe the collection of data through two surveys of undergraduate students, before presenting our results. The paper concludes with a discussion of possible interpretations of our results and the implications these may have for teaching, policy, and future research.
Attitudes towards Market Solutions to Environmental Problems
In this section, we summarise previous research, which bears upon our interest in attitudes towards different forms of environmental policy and the effect that education might have on these attitudes. We begin with studies that have explored general attitudes towards governments and markets in the economy, before narrowing our focus to attitudes in the context of environmental policy. We then complete this section by reviewing evidence of the effect of education on these attitudes.
General Attitudes towards Markets and Government in the Economy
Attitudes towards a particular policy (e.g., taxation) in a particular context (e.g., environmental protection) might be embedded within a broad attitude towards the appropriate roles of governments and markets. This is implied by survey instruments (e.g., [8, 9] ) which use items that generalise across contexts (e.g., "It's not the business of the government to control prices" in [9] ). These broad brush statements conflate beliefs about the efficacy of policy instruments (such as price control, taxes, or subsidies), with trust in the capacity of governments to use these instruments in the public interest.
Some other studies [10] [11] [12] have made a priori judgements that individuals will adopt different stances towards the role of the government, according to the context (e.g., welfare, environment, health). For example, Lephardt and Breeden [13] include one item: "in my opinion the market system in the US encourages abuse of the environment". When the research design has left a question open, data analysis has suggested that individuals adopt different attitudes towards the role of governments, according to the context of the intervention. Davies and Parker [14] reported that attitudes towards subsidies for agricultural prices were loaded on one factor, whilst attitudes towards general government intervention in markets were loaded on another factor. Other research [15, 16] has reported that school students adopt very different stances towards the role of government intervention in different sectors of the economy. There is, currently, very little research regarding attitudes towards particular forms of government policy in particular contexts. Shiller et al. [17] reported that adults in the US and the USSR preferred taxation to rationing as a method of reducing the consumption of petrol, but that we do not know the extent to which this difference applies in other contexts.
Moreover, individuals vary in the rationale that they use to justify government intervention, and may also use one justification for an intervention in one context, and a different justification for an intervention in another context. Several studies (e.g., [18, 19] ) have focused exclusively on the beliefs about whether markets offer a fair way of allocating goods and services. Other studies (e.g., [20] ) have distinguished between attitudes towards the fairness of an allocation system and attitudes towards its functionality or efficiency. Few studies have tried to reveal which ideas respondents are using to inform their attitudes (either towards fairness or efficiency). Davies et al. [15, 16] reported that school students rarely referred to externalities (such as environmental damage) when justifying their support for government intervention.
Attitudes towards Sustainability and Environmental Policy
An extensive amount of literature (e.g., [21] [22] [23] [24] ) has developed and applied 'value-belief-norm theory' and the theory of planned behaviour, to the analysis of attitudes towards sustainability and environmental policy. This literature suggests that attitudes depend on the interaction between values and beliefs about (i) the vulnerability of the environment and (ii) the efficacy of actions to address that vulnerability. Three sets of values are relevant to this study: the valuation of the natural environment, trust in other citizens (social trust) and in the public authorities (trust in institutions), and the valuation of equity. Support for a carbon tax may be affected by the extent to which an individual regards the environment as possessing intrinsic value, whether they believe that a government is simply trying to increase its own scope for action at the expense of individual freedom, and whether they think that the burden of tax should fall on polluters, regardless of the capacity to pay. If these underlying values are powerful and resistant to change, they could limit the scope for education to affect attitudes towards environmental policies. For example, Tikir and Lehmann [24] reported that the intentions of staff and students at one Swiss university to use public transport were more strongly related to underlying values and norms than beliefs about the efficacy and feasibility of the actions. Individuals who are largely driven by egoistic motives are more likely to be influenced by convenience and personal incentives than by reasoned arguments. De Leeuw et al. [25] reported that the pro-ecological intentions of the high school students in their study were increased by enabling factors (such as the availability of a copier that printed on both sides) more than by beliefs about the effect of pro-environmental behaviours (such as the benefits of saving energy in the home). D'Souza et al. [26] surveyed adult attitudes to adjusting price or quality for increasing environmental sustainability. They reported that consumers were more willing to pay a higher price than suffer lower quality, in order to secure environmental sustainability. The power of these underlying values will be greater if, as value-belief-norm theory and the theory of planned behaviour allow, beliefs are framed by underlying values; an individual is less likely to believe that a carbon tax will curb climate change if they do not trust governments and disregard the environmental effects on others.
Mainstream economics takes a different view of the relationship between values and beliefs. Individuals are assumed to be rational (unbiased) decision-makers and introductory textbooks espouse the separation of 'positive' and 'normative' judgements as a cornerstone of the subject [27, 28] . This observation highlights one of two remaining ways in which education may influence attitudes towards environmental policies. Value-belief-norm theory and the theory of planned behaviour suggest that attitudes are framed, in part, by social norms. These include whatever is taken for granted in an individual's society. Davies and Lundholm [16] found that young people's views about whether several goods and services should be available for free, was shaped by their personal experience. Norms are also established by socialisation, into roles by gender and social class. Davies et al. [29] reported evidence from a survey of secondary school students in England. They found that females were more likely to support government spending in a range of contexts than males, but females were less likely to support higher levels of taxation. O'Brien and Ingels [9] argued that there is no relationship between the socio-economic background of US high school students and the 'support for business', using their Economics Values Inventory. However, they did find that students from lower socio-economic backgrounds were more positive towards government intervention in social welfare.
Aside from the reasoned arguments about the efficacy of policy instruments, learning economics involves the induction of a set of taken-for-granted assumptions, which may shape a student's attitudes. Finally, of course, learning economics is intended to affect beliefs associated with the efficacy of policy instruments: e.g., the implications of the demand of price inelasticity for the effect of a sales effect; the effect of price controls on total welfare and market efficiency. However, education which changes belief about the efficacy of policy instruments may have little effect if attitudes are more dependent on beliefs about environmental vulnerability, than beliefs about policy instruments. Students who believe that environments face little threat from human activity [30] are unlikely to be too concerned about the efficacy of environmental policy instruments.
The Effect of Studying Economics on Attitudes towards the Role of Government in the Economy
There is some evidence suggesting that students' general academic attainment is associated with particular attitudes towards the role of the government and particular policy instruments. O'Brien and Ingels [9] reported that the US high school students they surveyed were slightly, but significantly, more likely to be supportive of 'the American economic system' and 'against the government control of prices', if they scored more highly on seven items which they used to test their economic knowledge. Davies et al. [15] reported that English secondary school students with higher levels of academic attainment were more likely to support progressive income tax.
Surveys of students of business or economics (e.g., [11, [18] [19] [20] 31] ) routinely find that they are more 'pro-market' than other students. However, as noted by some of these researchers, this could simply be a selection effect: students who are more pro-market may be more likely to choose to study these subjects. Studies which have explicitly aimed to distinguish between selection effects and the effects of instruction, have reported mixed results. Whaples [31] found a small shift towards a belief that 'markets are fair' during the course of economics students' first year of study. However, Cokgezen and Cilingirturk [12] found that these results were not replicated with their sample of Turkish undergraduates in Istanbul. We found one previous study that investigated the association between undergraduates' economic beliefs and their attitudes towards environmental policies. An experimental study [32] found no relationship between undergraduates' understanding of the operation of taxation of 'environmentally damaging products', and support for such taxes. The design of this study precluded the consideration of any effect over time of teaching economics upon students' attitudes. We found one study that did examine the change in attitude over time [33] . This study compared the responses of undergraduates at the start and end of a semester at one US university. The research showed that students who initially did not share their professors' views about economic responses to environmental damage, were more likely to agree with their professor after a course in economics [33] . This applied to attitudes towards government taxation and the consumer boycotting of goods which damaged the environment. The study did not examine the relationships between these expressions of attitude and students' economic understanding.
Methods

Research Design, Ethics, and Justification
Our research questions were:
1.
Do first year undergraduates change their attitudes towards common microeconomic environmental policy instruments following one semester of economics teaching? 2.
Following one semester of economics teaching, is there any change in undergraduates' microeconomic economic reasoning relevant to environment policies? 3.
Is there any association between the change in undergraduates' attitudes towards environmental policy instruments and the change in their microeconomic economic reasoning?
To answer research questions 1 and 2, we compared the mean scores of survey responses to items on attitudes towards policy instruments, and multiple choice questions on the microeconomics of resource allocation, markets, and government intervention. To answer question 3, we first used a cross-sectional Ordinary Least Squares (OLS) regression of the form:
where Y i is the student's attitude towards market-based and non-market-based policy instruments to address economic problems; S i is a vector of student characteristics including gender, generalized trust, and trust in institutions and personal environment norm; and K i is a measure of student i's relevant economic knowledge. Finally, we conducted a difference in difference analysis to examine the relationships between a change in economic knowledge and a change in attitudes, using the same student characteristics as in Equation (1).
To answer these questions, we made use of a unique data set of students in economics, political science, and law, from seven universities and university colleges in Sweden. The students in political science and law did not study either microeconomics or macroeconomics. We use their responses to the survey questions as a control, whilst focusing on the students who did study microeconomics. At one of the universities, we did not capture economics students, so for the specific analyses of economics' students, we include six universities in the sample. We make a brief reference to differences between students studying economics and students studying other subjects, and report on these comparisons in more detail elsewhere [34] . We created a two-wave panel data set through a repeated survey of one cohort of students. Ethical procedures followed the principles of the Declaration of Helsinki, 1975. Participants were invited to give informed consent and their identities were kept anonymous at the point of data entry and analysis, through the allocation of codes which were retained to identify students at the point of the second survey. To preserve student anonymity, we matched the first and second waves through a question about parents' first names and if there was ambiguity through comparing handwriting. The ethical procedures were approved by the Swedish Research Council (2011-05991). There are few longitudinal studies of economics students, and we know of no study that has investigated the relationships between a change in economics students' perceptions of environmental policy instruments and a change in their economic reasoning. By making use of a longitudinal design, we can be more confident of separating selection effects from course effects. Except for experimental designs based on randomization, we consider longitudinal studies as one of the stronger approaches for studying the role of education in developing attitudes [35] .
The first data collection was made during the students' first weeks participating in their course in economics (August/September 2014), which we consider as close to a pre-test as possible. We would, of course, have preferred to measure their attitudes and knowledge just before the semester started. However, this is almost impossible, since several students change subject just before they start the semester. The second data-collection was carried out at the end of the semester (in December 2014/January 2015, as applicable in each university). A substantial number of Swedish undergraduates study one semester of economics. This motivated the timescale in our longitudinal design.
Instrument
Since we were interested in students' attitudes towards different policies, we had to make a choice between specific policies, and we also had to choose how to describe these policies. Based upon our reading of distinctions, which are deemed salient in mainstream economics (see for example, Ref. [28] ) and also in political theory [36] , we identified four groups of policies: taxes, subsidies, regulation, and information. We categorised taxes and subsidies as 'market-based instruments', and categorised regulation and information as 'non-market-based instruments'. We introduced these four items with the preamble: "There are various ways to get ordinary people in Sweden to protect the environment. What do you think about the following suggestions?" Students were then asked to rate each of these suggestions: "Impose consumption taxes on polluting consumption"; "impose more regulations and prohibitions to prevent people from harming the environment"; "subsidize environmentally friendly consumption"; and "provide more information and education to people about the benefits of protecting the environment". Students were asked to rate each proposal on a five point Likert scale, from 'very bad suggestion' to 'very good suggestion'. We chose this format rather than asking students to rank the policy options in order of their preference (cf. [37] ), as a student might think each of the policies was either 'very bad' or 'very good'. We also asked the students to judge the efficiency of each of the four policy instruments (also using a five point Likert-scale). In this way, we were able to capture their views on the efficiency of the various policies and we found that these measures are correlated. For example, the correlation between comparing the acceptance of taxes and the perceived efficiency of taxes is 0.52.
We tested relevant economic reasoning through multiple choice questions. We identified four areas of interest, as summarised in Table 1 . For each topic, we identified four questions for a trial study with the previous cohort of undergraduate students. Five questions were taken from the Test of College Understanding in Economics (TUCE); seven questions were taken from A-level examination papers in England; two questions were taken from past first year examinations at one of the participating universities; one was taken from the question bank provided by the Economics Network in the UK; and one was taken from [38] . We chose these sources on the basis of the judgements about the validity and reliability employed when designing items. The questions capture a student's knowledge of microeconomics, which is a fundamental part of first year undergraduate economics at all the universities in the study. The distribution of micro-economics during the first semester is reported in Table 2 . For the survey used in this study, we reduced our selection of questions to four, given the limited time we could allocate to this part of the survey (see Appendix A). For each topic in Table 1 , we selected the question where the proportion of students choosing the correct answer was close to 50%, and where there was a more even split between the students choosing each of the distractors. We used this second criterion as an indicator of the credibility of the distractors to the students. Two of the questions were used in both surveys, while one question was exchanged in order to control for potential panel effects (i.e., that being exposed to a question in itself has an effect).
Sample Selection, Size and Descriptive Details
Included in the sample are six universities in Sweden with large cohorts of students studying economics in their first year. One university declined to participate. Hard copy surveys were administered in core lectures, to maximise response rates. Participation was voluntary, but rewarded with cinema tickets. Accurate response rates are difficult to calculate as there is a high rate of students switching between first year modules. In our total sample (n = 882), 48% were economics students. The rest of the group consists of students from two adjacent disciplines (political science (22%) and law (30%)). The sample sizes for each university are provided in Table 3 . We checked for potential bias in our results using multiple imputation in Stata version 13 (StataCorp, College Station, Texas, USA). A comparison of the imputed results with the results from listwise deletion, indicated no substantive differences. We therefore report the results from the listwise deletion analysis, as these are more straightforward to present. Our survey instrument gathered data on student characteristics which, according to our review of previous research, might influence undergraduates' attitudes towards environmental policies (see also [21, 39] ).
Social trust and trust in institutions are likely to encourage students to be broadly supportive of government intervention (since these students are more likely to believe that governments will act in the public interest). We used two questions to capture social trust: "Generally speaking, would you say that most people can be trusted, or that you can't be too careful in dealing with people?" and "Generally speaking, do you think that most people would try to take advantage of you if they got the chance, or would they try to be fair?"; questions that are commonly used in order to measure generalized trust. The latter is, for example, based on the question in the World Values Survey. As expected, responses to these questions were positively correlated (Cronbach's α: 0.71). Several studies of pro-environmental policy acceptance have highlighted that trust in institutions affects support for policy implementation (e.g., [37, 40, 41] ). In order to capture trust in institutions, we used an item from a survey battery, where the respondents are asked whether their level of trust in a number of actors are trustworthy, including "Swedish authorities", on a five-point-scale: "What level of trust do you have in the following institutions and groups? A great deal of trust; Quite a lot of trust; Neither a lot nor little trust; Little trust; Very little trust".
We also included measurement of environmental protection norms, derived from value-belief-norm theory (ascribed personal environmental responsibility). We used the following items (in which students were asked to respond on a five point scale, from "disagree strongly" to "agree strongly"): 'There is no point that I do what I can for the environment unless others do too'; 'As long as all laws and regulations are adhered to, there is no reason for Swedish consumers to be concerned about possible environmental damage in other countries'; 'My own lifestyle has contributed to the current environmental problems'; 'I am co-responsible for protecting the world's environment'; 'Ordinary citizens and not just authorities and decision makers carry a great deal of responsibility for the environment'; 'I have no personal responsibility to protect the environment'; and 'I could forgo holiday air travel to reduce emissions of greenhouse gases'. These items were well correlated (Cronbach's α 0.72). A summary of sample characteristics is presented in Table 4 .
We also control for ideological positions, measured at the first wave by the following item: "It is sometimes said that political opinions can be placed on a left-right scale. Where would you place yourself on such a scale?" where the respondents could place themselves on a five point Likert scale, from "Clearly to the left" to "Clearly to the right". 
Results
Changes in Policy Attitudes among Students in Economics after One Semester
Aggregate results are summarised in Table 5 . These show a small increase in economics students' acceptance of market-based instruments and a small decrease in acceptance of non-market-based instruments. The increase in the acceptance of market-based policies was largely driven by greater support for the use of subsidies. Survey responses from other students studying law or politics did not show a significant change regarding market-based institutions. Law students do, however, become less accepting of the other instruments. Notes: * p < 0.05; *** p < 0.001.
Changes in Knowledge among Students in Economics after One Semester
First, we observed no difference between the students enrolled in economics modules and the students enrolled in law and politics modules, in terms of the average performance on the economics multiple choice questions in the first survey. There did not appear to be any self-selection effect on the knowledge of economics. However, the students enrolled on the economics modules improved their performance on the two questions that were included in both surveys. The proportion of students in economics modules giving the correct answer increased from 34% to 51% on question 1 (on supply, demand, and the efficiency of markets), and from 32% to 45% on question 2 (on government policy to address market failure in the context of environmental problems). There was no change between the two surveys in the performance of students enrolled on the law and politics modules. These comparisons suggest (i) that the improvement in the performance of the economics students was not the result of repeated testing with the same questions and (ii) that the questions did capture elements of the economic reasoning which the economics teaching was intending to develop.
For the third question about "externalities", where the question is exchanged between the first and second step, we found that there are no substantial differences between economists (18%) and the other students (22%) in the first survey. In the second survey, the differences are larger, as 66% of the economics students chose the correct answer, while only 41% of the other students chose the correct answer. This question is not included in the further analyses.
The aggregate analysis suggests that students enrolled in economics modules improved their understanding of economics, became more convinced about the efficacy of market-based policies, and became more positive towards those policies. We then compared the policy attitudes of those students in the economics modules who answered the economics knowledge questions correctly, and those who did not. We found no significant difference. This result might be generated by confounding differences at an individual level, so we now turn to individual level multivariate analysis.
Cross-Sectional Analysis of Knowledge and Preferences at Wave 2
We conducted cross-sectional regression analyses to examine associations between knowledge and policy preference after one semester of economics. The results are presented in Table 6 . The knowledge variable in Table 6 is the aggregate of scores for the three multiple choice questions included in the second survey. We found no relationship between the end of semester knowledge and attitudes towards market-based instruments, but students who scored more highly on the knowledge questions, were less likely to support non-market instruments. Table 6 suggests two powerful influences upon attitudes towards environmental policy instruments. Students with a strong commitment to environmental sustainability and students who had more trust in political institutions, were much more likely to support either market-based or non-market intervention. Notes: * p < 0.05; ** p < 0.01; *** p < 0.001. The value for the knowledge variable is from correct answers to the multiple-choice questions. 1 Value from the first wave.
Longitudinal Difference-in-Difference Analysis of Relationships between Knowledge and Attitudes
Finally, we examined the relationships between a change in attitude to environmental policies and a change in knowledge. Table 7 shows that we found no relationship between a change in knowledge and a change in attitudes. In fact, we found that students with a strong prior commitment to environmental sustainability strengthen their support for government intervention either through the market, or through other means. The final analysis, which examines whether there actually is a causal effect between knowledge and policy preference, is a difference in difference model. This model takes the longitudinal aspect of the study into account and therefore, could be claimed to better capture the causality between knowledge and policy preferences. The results are presented in Table 7 . From these analyses, we do not find any relationship between the knowledge and acceptance of different environmental policy measures. Table 7 . Change in the acceptance of environmental policies: difference in difference analysis.
Market Based Instruments
Other Instruments Notes: * p < 0.05; ** p < 0.01; *** p < 0.001.
Discussion
We found that undergraduate students who enrolled in a module in introductory microeconomics improved their economic reasoning in ways that might be expected to influence their attitudes towards policies. Moreover, we did find that, on average, these students became slightly more supportive of market-based government environmental policies and slightly less supportive of non-market policies. However, our individual level analysis found no relationship between a change in attitude and a change in knowledge. This could be because our measures of economic reasoning were not sufficiently powerful to detect a change. However, aggregate students' performance on our main two questions increased from a success rate of 34%, to a success rate of 51% on one question, and from a success rate of 32%, to a success rate of 45% on another question. These changes indicate some substantive shifts in understanding which might be expected to influence attitudes. Moreover, our results are rather robust to alternative analyses, using different dependent variables (acceptance/perceived efficiency of different tools) and different operational definitions of our main independent variable (knowledge indices, question by question).
One possible explanation for the change in aggregate attitudes to policy instruments is that there is a 'socialisation effect' in economics teaching, which encourages a sense that market-based interventions are more normal than non-market interventions. One element in this may be a form of socialisation identified by [42] , as 'following the ancestral leader'. Harring's study [33] showed how undergraduates converge towards acceptance of the views of their professor. However, there may also be a deeper level process at work. Undergraduates are inducted into the discipline of economics with the mantra that the subject offers a 'positive' depiction of the world that is free from any value judgements [43] . Market solutions provide the focus for teaching (marginalising other forms of policy) and these solutions are also idealised as offering the best hope for the efficient maximisation of human welfare. Assumptions and values underpinning this focus and idealisation are largely hidden from view.
One possible explanation for the absence of a relationship at an individual level between attitudes and knowledge, is that attitudes are framed by powerful values that are resistant to change. Our data suggest that the attitudes to environmental policies examined in this study are very strongly framed by environmental values in a manner anticipated by value-belief-norm theory [21] and the theory of planned behaviour [44] . This interpretation presents a challenge to the traditional assumption of mainstream economics, that positive and normative judgements belong to separate domains.
Alternatively, it could be that the introductory undergraduate economics curriculum gives lecturers and students little space to explore the implications for policy of the principles that students are being encouraged to accept. It may, of course, be argued that economics major undergraduates will spend subsequent years engaging with the implications of economic analysis, for policies in different spheres. However, this leaves two questions to be answered, that have received little attention in previous research. First, to what extent does the treatment of relationships between theory and policy in first year economics build assumptions and beliefs about the subject which may prove problematic in subsequent study? [45] and, what happens to those students who only study economics for one semester?
We now consider some possible implications of these interpretations for the 'public understanding of economics', and the development of attitudes and reasoning amongst future experts in economics. Economic analysis strongly features in policy debate over public response to environmental problems. Public understanding of economics matters because (i) it constrains what policies are likely to achieve and (ii) the popularity of policies amongst voters affects policy makers' choices. A large proportion of undergraduates enrolled in first year economics modules do not proceed to an economics major. Therefore, it is pertinent to ask what influence this experience has upon the development of their attitudes towards economic policies, as well as the development of their economic understanding. Normalisation of the belief that governments can guide markets towards more efficient solutions through 'environmental' taxes and subsidies, would increase the scope for governments to intervene in this way. Of course, we cannot presume that governments would necessarily use this scope to act wisely. Therefore, the belief that this would be 'a good thing' largely depends on attitudes towards the balance between individual and collective responses to environmental issues and, therefore, belief in 'the tragedy of the commons'.
Our results raise an important question for the training of economists, who may exert substantial influence over the shape of future policy. We do find evidence that a single semester of teaching substantially improved undergraduates' understanding of some basic economic ideas. This is encouraging for teaching. However, we detected no relationship between changing understanding and changing attitudes to policy. This is troublesome for a profession that claims that its policy advice is derived solely from its rational analysis. There is a possibility that new economists are trained to believe that their own judgements are 'objective', when in fact they have been forged through normalisation, as they are inducted into the discipline.
Our research, therefore prompts some suggestions for future research. There is a need for better evidence on the relative effect of increasing economics understanding and social normalisation on the development of attitudes towards environmental policies. There is also a need for research into the effect of changing teaching strategies and changing the quantity of economics teaching on the development of attitudes towards, and beliefs about, environmental issues. In an era when the role of expert knowledge in policy formation seems to be diminishing, there is an imperative for disciplines to re-examine the ways in which they are shaping collective futures.
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Appendix A
Questions Used in Pre-and Post-Surveys 1. "In an economy where heating oil is the primary source of heat for most households, new supplies of natural gas, a substitute for heating oil, are discovered. Natural gas provides heat at a much lower cost. What is the most likely effect of these discoveries on the market price and quantity of heating oil produced?" 2. "If all of the firms in a competitive industry are legally required to meet new regulations that in-crease their costs of production:
A.
supply of the product will decrease. B.
demand for the product will decrease. C.
the long-run economic profits of individual firms in the industry will decrease. D.
the short-run economic profits of individual firms in the industry will increase."
(Source TUCE Microeconomics, Question 3, [46] ) First survey only 3. "One reason why the free market fails to achieve an optimal allocation of scarce resources is because A.
public goods are provided free of charge to users. B.
positive externalities lead to overproduction of a good. C.
there is underproduction of goods with positive externalities. D.
individuals' incomes and wealth are not identical."
(Source AQA Economics 2011 Unit 1 January 2011 Q20, question no longer available online) Second survey only 4. "Traffic congestion in cities and towns provides an example of the market failing to reach a socially optimum level due to:
negative externalities of private car travel. B.
positive externalities of private car travel. C.
marginal social benefits exceeding marginal private benefits. D.
marginal private costs exceeding marginal social costs. E.
marginal private benefits of car travel equalling marginal social benefits."
(Source Question from Economics Network question bank [47] )
